We have previously shown that the 23S rRNA of Salmonella strains is highly fragmented by specific enzyme cleavages. In this article, we report that 23S rRNA of Salmonella strains is rapidly degraded as the cells enter the stationary phase. More than 90%o of the 23S rRNA is degraded when the cells reach the stationary phase.
The ribosome is a complex organelle responsible for translating mRNAs into proteins. It interacts with a large number of cofactors to ensure precise and efficient translation (6, 14, 18, 19) . The majority of metabolic energy and resources in prokaryotic cells are devoted to the biosynthesis of ribosomes. In a rapidly growing cell, ribosomes make up approximately 40% of the cell dry mass, and rRNA and tRNA together make up more than 95% of the total cellular RNA. Hence, regulation of ribosome concentration is important for cell maintenance and survival.
In the well-studied Escherichia coli system, ribosome synthesis is negatively regulated by a number of mechanisms to avoid overproduction. These mechanisms include ribosome feedback inhibition, stringent control, and growth rate-dependent control (11, 13) . Positive control of E. coli ribosome synthesis has also been reported by a trans-activation mechanism that involves the fragment inversion stimulation factor and the upstream activation sequence in the rRNA operons (9, 15) . A posttranscriptional control of rRNA, and therefore ribosome synthesis, has been suggested (20) . However, direct evidence for this control mechanism is lacking.
The 23S rRNA of Salmonella strains has been reported to be cleaved at specific sites by RNase III, resulting in fragmented rRNAs with specific sizes (1, 8) . Since some Salmonella strains, such as Salmonella typhimurium, contain only fragmented 23S rRNA and exhibit normal growth characteristics (8) , these fragmented rRNAs must be utilized to form fully functional ribosomes. The regulation of the synthesis of rRNA, ribosomes, and other components of the translation machinery in Salmonella strains has not been studied extensively, but it is believed to be similar to that of E. coli. In this article, we report a novel mechanism which regulates the concentration of rRNA in Salmonella strains. We observed that rRNA, especially 23S rRNA, was rapidly degraded in response to the change in bacterial growth rate from the log phase to the stationary phase. This finding is interesting since the same degree of rRNA degradation is not present in marine Vibrio spp. and E. coli (4, 17) .
The integrity of rRNA in Salmonella strains at different growth stages and under various conditions was examined by sampling the cells at several growth points. The cell growth in Luria-Bertani medium was monitored by a spectrophotometer reading at 640 nm. A number of cells equal to an optical density at 0.15 were lysed, and the rRNA was analyzed by agarose gel electrophoresis (7) . Salmonella strains (S. ohio and S. infantis) contain highly fragmented 23S rRNA (8) . Degradation of 23S rRNA in these species occurred when the growth rate approached the stationary phase. Greater than 90% of 23S rRNA was degraded when the stationary phase was reached (Fig. 1A) . The 16S rRNA was also degraded but not to the same extent as the 23S rRNA (Fig. 1 ). The degradation of 16S rRNA lagged behind the degradation of 23S rRNA. This same phenomenon was observed when the bacteria were grown in M9 medium supplemented with glucose. Under similar conditions, the rRNA of E. coli was not significantly degraded ( Fig.  2 ). The degradations of the 23S rRNAs in S. ohio and E. coli were compared and determined quantitatively by using a densitometer (Fig. 3) .
When S. ohio cultures were treated with chloramphenicol (510 ,ug/ml) either at the exponential growth phase (Fig. 4A , culture 2) or at the prestationary phase (Fig. 4A, culture 3 ), the degradation of 23S rRNA was inhibited. When chloramphenicol was added to cells entering the stationary phase and degradation of 23S rRNA was already initiated, further degradation of the remaining rRNA was inhibited (Fig. 4A,  culture 4 ). This growth rate-regulated degradation of rRNA in Salmonella strains appears to be dependent on new and continued protein synthesis. This finding also suggests that degradation of rRNA is mediated by an RNase(s) with a short half-life. Similar results were observed when cells were treated with rifampin (200 ,ug/ml) (Fig. 4B) . It is possible that the synthesis of this enzyme(s) is controlled by a gearbox-like promoter which is expressed when the growth rate is decreasing (16) . Alternatively, this RNA-degrading enzyme(s) may be encoded by one of the KatF-regulated genes whose expression reaches maximal level during the stationary phase (3, 10, 12 ohio. An exponentially growing S. ohio culture was divided into four flasks. Chloramphenicol (510 ,ug/ml) was added to three cultures at different growth points, and one culture received no chloramphenicol (control). All cultures were incubated at 37°C, and samples were taken at hourly intervals for rRNA extraction. Cultures: 1, control culture; 2, chloramphenicol added to the cells at the exponential growth phase; 3, chloramphenicol added to the cells at the prestationary phase; 4, chloramphenicol added to the cells at the stationary phase and in which rRNA degradation had started. Equivalent numbers of cells were lysed and examined on a 1.2% agarose gel by electrophoresis. (B) Rifampin inhibition of specific degradation of rRNA in S. ohio. The culture methods and incubation times used were the same as those described for panel A.
growth was reinitiated and reached exponential growth within 30 min. Parallel to the increased growth rate, the rRNA concentration also increased during this 30-min incubation (Fig.  5 ). Thus, it is possible that the RNA-degrading enzyme is expressed only transiently at the stage before the stationary phase is reached and/or that the enzyme is rapidly degraded when cells reenter the logarithmic growth phase. The rapid induction of rRNA synthesis by Salmonella strains, when placed in fresh medium, suggests a possible trans-activating mechanism for rRNA synthesis.
The highly fragmented 23S rRNA in Salmonella strains appears to be degraded much faster than the intact rRNA in E. coli ( Fig. 1A and 2 ). An attempt was made to determine a correlation between the extent of fragmentation and the rate of degradation of 23S rRNA among the Salmonella strains. Salmonella strains with more extensively fragmented 23S rRNA (S. ohio, S. infantis, S. newport, and S. montevideo) were compared with strains containing less-fragmented rRNA (S. dublin, S. enteritidis, S. reading, and S. typhisuis) for the degree of 23S rRNA degradation. The results showed that 23S rRNA of S. ohio, S. infantis, S. newport, and S. montevideo was degraded at a much higher rate than rRNA of S. dublin, S. enteritidis, S. reading, and S. typhisuis (Fig. 1A and 6 ). Thus, there appears to be a direct correlation between the extent of 23S rRNA fragmentation and the degree of degradation.
In summary, the 23S rRNA of Salmonella strains is rapidly degraded when the cells are entering the stationary phase. This phenomenon of rapid degradation was not observed in E. coli, even with prolonged incubation in the stationary phase. Significant rRNA degradation in E. coli has been reported to occur only at a very low growth rate (2, 5 rapidly achieve its optimal growth rate, (ii) ensuring that no excess ribosomes will be made during the exponential growth phase, and (iii) removing the excess rRNA and ribosomes rapidly in response to the growth conditions or changing environment. This tight control of rRNA synthesis and degradation in Salmonella strains may help the organism to quickly adapt to the rapidly changing growth environments it experiences in animal hosts. 
